INTRODUCTION
============

Studies conducted on the pathogenesis of osteoarthrosis show a gradual loss of the components of the cartilaginous matrix. This loss initially occurs via a decrease in the level of proteoglycans and through changes in the integrity of the collagen structure ([@b1-cln_67p463]). Focal areas of damage to the joint cartilage, with fibrillation and loss of volume, are one of the hallmarks of osteoarthrosis (OA). The localizations and severity of those cartilaginous injuries are primarily defined by mechanical factors that are involved in the etiopathogenesis of OA ([@b2-cln_67p463]).

The loss of the biomechanical properties associated with the events that produce repetitive injuries, and the subsequent deterioration of the cartilage, cause erosion of the joint surface extending as far as the subchondral bone ([@b3-cln_67p463]).

The mechanisms related to axial overload alone cannot explain the full development of OA in individuals whose skeletal structures and intra-articular pressures are apparently normal.

The study of the deformities that give rise to abnormal collisions between the bone structures of the femur and the acetabulum have demonstrated that one of the main causes of hip cartilage degeneration are the biomechanical and bone structural changes that affect the rotational movement of the joint, i.e., the femoroacetabular impact (FAI) ([@b4-cln_67p463]-[@b7-cln_67p463]). This field is an evolving area of research in hip OA.

According to Peixoto et al. ([@b8-cln_67p463]), OA is responsible for 7.7% of all hospital admissions within the Brazilian National Health System and 7.6% of the healthcare funds in this country. Between 1997 and 2001, according to these same authors, there was a 194.4% increase in hospital admissions due to OA.

Hip OA is diagnosed based on the patient history and physical examination and is confirmed with plain radiographs that include anteroposterior (AP) panoramic radiography of the pelvis and AP and lateral views of the hip joint ([@b4-cln_67p463],[@b8-cln_67p463],[@b9-cln_67p463]).

No consensus exists regarding the series of radiographic views that might demonstrate factors that would predispose individuals to the development of hip OA.

The early detection of anatomic and biomechanical abnormalities may result in early clinical or surgical interventions to prevent the degeneration of the joint ([@b10-cln_67p463]).

The objective of the present study was to evaluate the utility of a radiographic series for the early detection of factors that may predispose individuals to developing hip OA.

MATERIALS AND METHODS
=====================

This study was approved by the Ethics Committee of Hospital das Clínicas, School of Medicine, University of São Paulo. A total of 222 patients were evaluated between March 2007 and April 2009.

One hundred twenty-two patients complained of groin pain and were followed for treatment in the Hip Group of our institution. One hundred patients without symptoms formed the control group and were followed for treatment in the Shoulder and Elbow Group of our institution.

Only one hip with a normal range of motion was studied per patient.

In patients with groin pain on both sides, only the most symptomatic hip was studied. If the pain intensity was similar or the same on both sides, one side was randomly selected to be radiographed. If the patient had only one painful hip, the asymptomatic hip was not included in the control group to avoid possible bias from patients who were influenced by their own control.

In the asymptomatic group, hips were randomly selected to ensure the randomization of sides.

The inclusion criteria for both groups were the following:

1.  Age between 20 and 50 years.

2.  The absence of prior hip disease, lumbar pain, or any orthopedic treatment (exceptions included diseases of the shoulder and elbow).

3.  Normal range of motion of the hip (as measured with manual goniometric tools).

4.  Agreeing to participate in the project by signing an informed consent form.

The exclusion criteria included the following:

1.  Technical difficulties or the inability of the patient to remain on the table during radiographic procedures.

2.  An expressed desire by the patient to withdraw from the study.

3.  The presence of osteoarthrosis up to a grade two on the Lawrence classification scale ([@b34-cln_67p463]) and confirmed by the first radiographic image.

4.  The presence of morphological and/or anatomical abnormalities compatible with childhood diseases, trauma sequelae, or tumoral disease.

Anthropometric data were obtained to calculate the body mass index (BMI).

This study and the accompanying informed consent statement were approved by the Ethics Committee for Research Project Analysis under protocol number 1342/06.

Radiographic evaluation
-----------------------

All of the radiographic procedures were performed with Phillips Medical Systems Duo Diagnost 800 mA equipment.

The sequence of radiographic images included the following: an AP view of the hip while the patient was standing upright on two feet ([@b11-cln_67p463]), a Lequesne false profile view, a Dunn view, a Dunn view with 45 degrees of flexion (Dunn 45°), and a Ducroquet view ([@b12-cln_67p463],[@b13-cln_67p463]).

Data Analysis
-------------

The sequence of evaluation for each view included the following:

1.  AP: an orthostatic support was used to maintain the limbs at 20° of internal rotation, and the x-ray tube was centralized to the sacrum and parallel to the floor. The center-edge angle of Wiberg, the width of the joint space, the acetabular tilt ([@b14-cln_67p463]), the acetabular retroversion or anteversion, the alpha angle (α) ([@b6-cln_67p463],[@b7-cln_67p463],[@b13-cln_67p463]) ([Figure 1A](#f1-cln_67p463){ref-type="fig"}), and the presence or absence of a "bump" were evaluated.

2.  Lequesne false profile: the patient was placed in the upright position with 65° of external rotation of the pelvis, and the tube was centered on the hip. We measured the vertical-central anterior Lequesne and Sèze angle (VCA) ([@b25-cln_67p463]), the anterosuperior joint space, and the Lequesne femoral anteversion angle (ρ) ([Figure 1B](#f1-cln_67p463){ref-type="fig"}) ([@b6-cln_67p463],[@b13-cln_67p463],[@b15-cln_67p463]).

3.  Dunn: the patient was placed in the supine position with 90° flexion of the hip and knee and 20° abduction of the hip without any rotational deviation. We measured the alpha (α) angle ([Figure 1C](#f1-cln_67p463){ref-type="fig"}) and the presence or absence of a "bump" at the femoral head-neck junction ([@b12-cln_67p463]).

4.  Dunn 45°: the patient was placed in the supine position with 45° flexion and 20° abduction of the hip without any rotational deviation. The α angle ([Figure 1D](#f1-cln_67p463){ref-type="fig"}) and the presence or absence of a "bump" were measured ([@b12-cln_67p463]).

5.  Ducroquet: the patient was placed in the supine position with 90° flexion and 45° abduction of the hip without any rotational deviation. The femoral offset (the difference between the center of the femoral head and the axis of the neck), the α angle ([Figure 1E](#f1-cln_67p463){ref-type="fig"}), and the presence or absence of a "bump" were measured ([@b12-cln_67p463],[@b13-cln_67p463],[@b15-cln_67p463]).

In each case, the α angle was measured as follows: the first line follows the long axis of the femoral neck and passes through the femoral head center, and the second line passes through the femoral head center and through the femoral head and neck junction ([@b7-cln_67p463]).

The Lequesne femoral anteversion angle (ρ) is measured as follows: the first line passes through the femoral diaphysis center, and the second line passes through the major diameter of the femoral neck. The angle formed by the junction of these two lines is referred to as the ρ angle ([@b12-cln_67p463]).

Statistical analysis
--------------------

The normality of the distributions was assessed using the Kolmogorov-Smirnov test for continuous variables. The distribution was accepted as parametric if the results of the Kolmogorov-Smirnov (KS) test were not significant. Parametric tests were used only for the comparison between distributions that were considered to be normal (Gauss curves).

The descriptive statistics and the results of the Kolmogorov-Smirnov (KS) test for each variable are presented in the statistical tables according to the groups (samples).

The Student\'s t test was used for unrelated samples with a parametric distribution to infer the differences between the means of the variables, and the Mann-Whitney U test was used for independent samples with a nonparametric distribution.

A confidence level of 5% (α = 0.05) was used.

RESULTS
=======

General Clinical Findings
-------------------------

The group of symptomatic patients consisted primarily of female patients (52%) with a mean age of 41 years, a mean height of 1.7 m, a mean weight of 71.4 kg and a mean BMI of 24.6.

The group of asymptomatic patients consisted primarily of female patients (58%) with a mean age of 31 years, a mean height of 1.68 m, a mean weight of 66.2 kg and a mean BMI of 23.3.

Statistically significant differences were observed between the groups in terms of age (*p*\<0.0001), weight (*p* = 0.002), and BMI (*p* = 0.006).

In our study, we evaluated a total of 222 patients and 222 hips with 1110 radiographs. Our sample size was larger than those of prior studies according to our review of the literature ([@b7-cln_67p463],[@b14-cln_67p463]),.

Radiologic measurements of the hip joint
----------------------------------------

A bump in the AP view was more frequently present in the symptomatic cases (*p*\<0.0001). A bump was observed in 3% of the asymptomatic cases and in 24% of the symptomatic cases. In the Dunn 45° view, a bump was visualized in 24% of the asymptomatic cases and in 41% of the symptomatic cases (*p* = 0.008).

For the Ducroquet and Dunn views, no statistically significant differences were present in terms of the visualization of a bump (*p* = 0.35 and *p* = 0.91, respectively).

With regard to the acetabular version, there were no statistically significant findings in the AP view (*p* = 0.30).

The evaluation of the α angle ([Table 1](#t1-cln_67p463){ref-type="table"}) demonstrated statistical significance in all of the cases. For the AP view, the mean α angle was 53° (SD = 11.6) for the asymptomatic cases and 72.7° (*p*\<0.0001) (SD = 9.1) for the symptomatic cases ([Table 1](#t1-cln_67p463){ref-type="table"}). For the Dunn view, the mean α angle was 59.8° (SD = 10.9) for the asymptomatic cases and 71.6° (*p*\<0.0001) (SD = 7.0) for the symptomatic cases ([Table 1](#t1-cln_67p463){ref-type="table"}). For the Dunn 45° view, the mean α angle was 67.5° (SD = 8.1) for the asymptomatic cases was and 72.7° (*p*\<0.0001) (SD = 6.4) for the symptomatic cases ([Table 1](#t1-cln_67p463){ref-type="table"}). For the Ducroquet view, the mean α angle was 59.1° (SD = 8.2) for the asymptomatic cases and 71.2° (*p*\<0.0001) (SD = 7.1) for the symptomatic cases ([Table 1](#t1-cln_67p463){ref-type="table"}).

The acetabular inclination data did not demonstrate any statistically significant differences in our study (*p = *0.28).

The joint space, which was also evaluated from the AP and Lequesne views, only revealed a significant difference in the Lequesne view (*p* = 0.007) with a mean of 4.9 millimeters for the asymptomatic group (SD = 0.9) and 4.5 millimeters for the symptomatic group (SD = 1.2). However, no significant differences were observed on the AP view (*p* = 0.30).

Using the AP view, the mean center-edge (CE) angle of Wiberg was 30° (SD = 7.8) for the asymptomatic group and 27.5° (SD = 9.9) for the symptomatic group. These findings were statistically significant (*p* = 0.03).

No statistically significant differences were found between the groups in the Lequesne view with regard to the criterion of the VCA angle (*p* = 0.30).

The measurement of the Lequesne anteversion angle (ρ) ([Table 1](#t1-cln_67p463){ref-type="table"}) was significantly different between the two groups (*p* = 0.005). The mean was 17° (SD = 3.2) for the asymptomatic group and 18° (SD = 10.2) for the symptomatic group.

A statistically significant difference was also demonstrated in the measurement of the femoral offset (*p* = 0.0001). The patients in the asymptomatic group had a mean value of eight millimeters, whereas those in the symptomatic group had a mean value of seven millimeters.

DISCUSSION
==========

A review of the literature reveals that many studies have analyzed the α angle, the femoral offset, the sphericity of the femoral head-neck, and the existence of a protuberance or bump ([@b1-cln_67p463],[@b3-cln_67p463],[@b5-cln_67p463],[@b12-cln_67p463],[@b14-cln_67p463],[@b21-cln_67p463]),. However, no prior studies analyzed and compared the radiographs of symptomatic and asymptomatic hips in reference to factors possibly associated with the development of osteoarthrosis in young adults.

A large number of studies have noted that the presence of bumps promotes impingement ([@b3-cln_67p463],[@b5-cln_67p463],[@b10-cln_67p463],[@b17-cln_67p463],[@b21-cln_67p463],[@b24-cln_67p463]),, but no studies have evaluated the prevalence of cam impingement in radiographic examinations. In our study, the presence of bumps was evaluated using the AP, Dunn, Dunn 45°, and Ducroquet views. The data obtained from the AP and Dunn 45° views in the symptomatic cases were statistically significant, with a 24% (*p*\<0.0001) prevalence of bumps in the AP view and a 41% (*p* = 0.008) prevalence of bumps in the Dunn 45° view. No significant differences were present in the Dunn and Ducroquet views (*p* = 0.91 and *p* = 0.35, respectively). This analysis revealed the best views for diagnosing bumps to be the AP and Dunn 45° views ([@b12-cln_67p463]). Other data obtained in this study showed the mean height of the bumps to be 4 mm.

The α angle ([Figure 1](#f1-cln_67p463){ref-type="fig"}) was measured in accordance with the descriptions of Nötzli et al. ([@b7-cln_67p463]) and Meyer et al. ([@b12-cln_67p463]) using the AP ([Figure 1 A](#f1-cln_67p463){ref-type="fig"}), Dunn ([Figure 1C](#f1-cln_67p463){ref-type="fig"}), Dunn 45° ([Figure 1D](#f1-cln_67p463){ref-type="fig"}), and Ducroquet ([Figure 1E](#f1-cln_67p463){ref-type="fig"}) views. Each of these views demonstrated statistically significant differences, all *p*\<0.0001 ([Table 1](#t1-cln_67p463){ref-type="table"}). However, in our study, we found that the observed values of the α angle for normal (asymptomatic) hips using these views were greater than what was previously described by Nötzli et al. ([@b7-cln_67p463]), Meyer et al. ([@b12-cln_67p463]) ([Table 2](#t2-cln_67p463){ref-type="table"}), and Rackhra et al. ([@b32-cln_67p463]). The values reported by these studies are closer to those of our study, particularly the results for the femoroacetabular impingement cam type. The mean α angle in our study was 72.7°, compared to 74.1° in the Rackhra et al. ([@b32-cln_67p463]) study. In our study, the mean α angles for normal (asymptomatic) hips for each view were as follows: the AP view, 53°; the Dunn view, 59.8°; the Dunn 45° view, 67.5°; and the Ducroquet view, 59.1°. For the symptomatic hips, the mean values for each view were as follows: the AP view, 72.7°; the Dunn view, 71.6°; the Dunn 45° view, 72.7°; and the Ducroquet view, 71.2°.

The measurements of the superolateral joint space in the AP view did not differ statistically between the groups (*p* = 0.3). However, for the superolateral joint space measurements obtained using the Lequesne view, the mean value was 4.5 mm in the symptomatic group and 4.9 mm in the asymptomatic group (*p* = 0.007). These values suggest the reduction in joint space to be a significant cause of hip pain.

According to Meyer et al. ([@b12-cln_67p463]), the mean ρ angle measured in the Lequesne view ([Figure 1B](#f1-cln_67p463){ref-type="fig"}) for normal patients was 21° with a range from 12 to 30°. In our study, the mean value was 17° for the asymptomatic group and 17.8° for the symptomatic group, both values considered to be within the normal range. However, the difference between the groups was significant (*p* = 0.005), which led to the conclusion that diseased hips have an abnormal ρ angle when compared with the control group ([Table 1](#t1-cln_67p463){ref-type="table"}). Despite the small differences between the means, the symptomatic group had ρ angle variations ranging from 6 to 52°.

The evaluation of the femoral offset using the Ducroquet view revealed a statistically significant difference between the symptomatic group, with a mean of 7 mm, and the asymptomatic group, with a mean of 8.1 mm (*p* = 0.02). Therefore, in painful hips, the space between the femoral head and the femoral neck is substantially smaller. The data in the literature suggest that the normal value should be 11 mm ([@b21-cln_67p463],[@b33-cln_67p463]). However, Wenger et al. ([@b1-cln_67p463]) suggested that normal values were as low as 7 mm.

We identified the following points related to painful conditions of the hip:

1.  A diminished femoral offset.

2.  An increase in the α angle.

3.  An increase in the Lequesne ρ angle.

4.  A decrease in the CE angle of Wiberg.

5.  A decrease of the joint space.

6.  The presence of a bump at the femoral head-neck transition.

The best views for diagnosing femoroacetabular impingement are the pelvic orthostatic AP, and the Dunn 45° and Ducroquet views.

No potential conflict of interest was reported.

![Samples of the measurement of α and ρ angles: (A) α angle in the AP view, (B) Lequesne femoral anteversion angle (ρ) in the Lequesne false profile view, (C) α angle in the Dunn view, (D) α angle in the Dunn 45° view and (E) α angle in the Ducroquet view.](cln-67-05-463-g001){#f1-cln_67p463}

###### 

Comparison of the Radiographic Measurements.

  Measurements   Radiographic View     Assymptomatic       Symptomatic         *p*-value
  -------------- --------------------- ------------------- ------------------- -----------------
                 **Anteroposterior**   **53 +/- 11.6**     **72.7 +/- 9.1**    ***p*\<0.0001**
  ** α angle**   **Dunn**              **59.8 +/- 10.9**   **71.6 +/- 7**      ***p*\<0.0001**
                 **Dunn 45°**          **67.5 +/- 8.1**    **72.7 +/- 6.4**    ***p*\<0.0001**
                 **Ducroquet**         **59.1 +/- 8.2**    **71.2 +/- 7.1**    ***p*\<0.0001**
  ** ρ angle**   **Lequesne**          **17 +/- 3.2**      **17.8 +/- 10.2**   ***p* = 0.005**

###### 

Comparison between the data from Meyer et al. 2006 and the data from our study.

  Radiographic view   α angle (symptomatic), our study   α angle (asymptomatic), our study   α angle, Meyer et al. 2006
  ------------------- ---------------------------------- ----------------------------------- ----------------------------
  AP                  72.7+/- 9.1°                       53+/- 11.6°                         50°
  Dunn                71.6+/- 7°                         59.8+/- 10.8°                       50°
  Dunn 45°            72.7+/- 6.4°                       67.5+/- 8.1°                        50°
  Ducroquet           71.2+/- 7.1°                       59.1+/- 8.2°                        45°
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